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(57) ABSTRACT

Athrust reverser with grids includes a jet engine pylon, a one
piece cowl either directly or indirectly slidably mounted on
the jet engine pylon between a direct jet position and a
reverse jet position, and a system for locking this cowl on a
beam. The system has a single tertiary lock, which is
positioned on one side of the jet engine pylon being capable
of locking a corresponding upper edge of the cowl. In
addition, the tertiary lock includes a locker to lock the cowl,
a blocker for blocking the locker, and a position detector in
order to detect the position of the locker. The system further
includes another detector to detect proper closing of the
other upper edge of the cowl.
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1
AIRCRAFT TURBOJET ENGINE THRUST
REVERSER WITH A REDUCED NUMBER OF
LATCHES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of International Appli-
cation No. PCT/FR2012/050090, filed on Jan. 13, 2012,
which claims the benefit of FR 11/50342, filed on Jan. 17,
2011. The disclosures of the above applications are incor-
porated herein by reference.

FIELD

The present disclosure relates to a thrust reverser for an
aircraft turbojet engine, with a reduced number of latches.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure and may not
constitute prior art.

An aircraft is driven by several turbojet engines each
accommodated in a nacelle used for channeling the air flows
generated by the turbojet engine, which also harbors a set of
devices ensuring various functions when the turbojet engine
is operating or at a standstill.

These devices may notably comprise thrust reversal
means.

A nacelle generally has a tubular structure, comprising an
air intake upstream from the turbojet engine, a middle
section intended to surround a fan of the turbojet engine, a
downstream section harboring thrust reversal means and
intended to surround the combustion chamber of the turbojet
engine and generally ends with an ejection nozzle, the outlet
of which is located downstream from the turbojet engine.

Modern nacelles are intended to harbor a dual flux tur-
bojet engine capable of generating via blades of the fan an
air flow, a portion of which, called a hot or primary flow,
circulates in the combustion chamber of the turbojet engine,
and the other portion of which, called a cold or secondary
flow, circulates outside the turbojet engine through a ring-
shaped passage also called a vein, formed between a fairing
of the turbojet engine and an internal wall of the nacelle.
Both air flows are ejected from the turbojet engine through
the rear of the nacelle.

The role of a thrust reverser is, during the landing of an
airplane, of improving the braking capability of the latter by
redirecting forwards at least one portion of the air of the
secondary flow. In this phase, the reverser obstructs the vein
of the cold flow and directs the latter towards the front of the
nacelle, thereby generating a counter thrust which will be
added to the braking of the wheels of the airplane.

The means applied for achieving this reorientation of the
cold flow vary according to the type of reverser. However,
the structure of a reverser comprises mobile cowls which
may be displaced between a closed position or in a “direct
jet” in which they close this passage and an open position or
“reverse jet” in which they open in the nacelle a passage
intended for the deflected flow. These cowls may fulfill a
deflection function or simply an activation of other deflec-
tion means.

In the case of a thrust reverser with grids, the reorientation
of the air flow is carried out by deflection grids, the cowl
only having a simple sliding function aiming at exposing or
covering these grids.
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The translation of the mobile cowl is carried out along a
longitudinal axis substantially parallel to the axis of the
nacelle. Thrust reversal flaps actuated by the sliding of the
cowl, allow obstruction of the cold flow vein downstream
from the deflection grids, so as to optimize the reorientation
of the cold flow towards the outside of the nacelle.

From the prior art, and notably from document FR 2 916
426, a thrust reverser with grids is known, the mobile cowl
of' which is a one-piece cowl and slidably mounted on sliders
positioned on either side of the suspension pylon of the
assembly formed by the turbojet engine and its nacelle.

The term “one-piece cowl” is meant a cowl with a
quasi-annular shape, extending from one side to the other of
the pylon without any interruption.

Such a cowl is often designated by the terms of “O-duct”
with reference to the shape of a ferrule of such a cowl, as
opposed to the “D duct”, which in fact comprises two
half-cowls each extending over a half circumference of the
nacelle.

The sliding of a cowl of the “O-duct” type between its
direct jet and reverse jet positions is conventionally ensured
by a plurality of actuators, of the mechano electric type (i.e.,
a worm screw actuated by an electric motor and displacing
a nut) or of the hydraulic type (i.e., actuators actuated by
pressurized oil).

In order to avoid untimely sliding of such a cowl of the
“O-duct” type, which may have disastrous consequences,
notably in a flight phase, several redundant locking systems
are provided.

Conventionally, two systems for locking the actual actua-
tors and a locking system, a so-called tertiary system,
allowing direct locking of the sliding cowl to the supporting
beam of the nacelle, currently called a “12 o’clock beam”
because of its upper position relative to the circle defined by
the section of the nacelle or of the jet engine pylon, are
provided.

Such a tertiary locking system typically comprises two
tertiary locks, positioned on either side of the 12 o’clock
beam or of the jet engine pylon, each tertiary lock compris-
ing means for locking the sliding cowl, means for blocking
these locking means and means for detecting the position of
said locking means. Such a lock position on one side of the
12 o’clock beam or of the jet engine pylon is generally
insufficient for ensuring retention of the mobile cowl
because of its flexibility.

By detecting the position of the locking means, it is
possible to check that the upper edge of the sliding cowl
corresponding to the relevant tertiary block is properly
closed (upstream sliding position, also called “direct jet”
position).

Thus, each tertiary lock fulfills a function of locking the
sliding cowl on the one hand, and a function for detecting the
proper closing of the corresponding edge of this cowl on the
other hand.

SUMMARY

The present disclosure simplifies these tertiary locking
means, both for reducing the costs and for reducing the
weight of the nacelle.

The present disclosure provides a thrust reverser with
grids comprising a jet engine pylon, a one piece cowl,
directly or indirectly slidably mounted, on this jet engine
pylon between a “direct jet” position and a “reverse jet”
position, and a system for locking this cowl on this beam,
this system comprising:
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a single tertiary lock, positioned on one side of said beam
or of the jet engine pylon, capable of locking the corre-
sponding upper edge of said cowl, this tertiary lock com-
prising means for locking the sliding cowl, means for
blocking these locking means and means for detecting the
position of these locking means; and

means for detecting proper closing of the other upper edge
of said cowl.

By directly or indirectly, it should be specified that the
sliding cowl may notably be slidably mounted along the
pylon via the beam, notably the 12 o’clock beam, supporting
guiding rails.

Thus, in the locking system according to the present
disclosure, a single tertiary lock is used, which is in reality
sufficient for ensuring the tertiary locking of the assembly of
the sliding cowl] taking into account the one piece nature of
the latter.

As for the function for detecting proper closing of the two
upper edges of the cowl, ensured in the prior art by each of
the means for detecting the position of the blocking means
of'both tertiary locks, itis presently ensured by the means for
detecting the position of the blocking means of the single
tertiary lock cooperating with one of the upper edges of the
sliding cowl on the one hand, and by the means for detecting
the proper closing of the other upper edge of the sliding cowl
on the other hand.

By thus replacing one of the tertiary locks with simple
means for detecting proper closing of one of the two upper
edges of the sliding cowl, the tertiary locking system is
considerably simplified and lightened. Inappropriate closing
of the opposite side may be generated by a mechanical
failure of one of the other means for retaining the mobile
cowl, its detection thus allows detection of the failure of one
of the other retention means, and thus an improvement in
their availability.

According to other optional features of the present dis-
closure:

said single tertiary lock is of the type comprising a hook
pivotally mounted on said 12 o’clock beam, between a
position for locking a bolt secured to said cowl, and a
position for unlocking this bolt,

said blocking means comprise a latch pivotally mounted
on said 12 o’clock beam between a blocking position in
which they maintain said hook in its locking position,
and an unblocking position, in which they allow the
passage of said hook from its locking position to its
unlocking position,

said blocking system comprises an actuator for having
said latch pass from the blocking position to its
unblocking position, and a spring for returning said
latch to its blocking position,

said position detection means comprise a detector of the
position of said latch,

said means for detecting proper closing of the other upper
edge of said cowl comprise:

a groove formed by the area of said upper other edge, this
groove extending away from said beam towards the
downstream area of said cowl and having in its
upstream portion a widened area,

a connecting rod slidably mounted on said 12 o’clock
beam, one first end of which is guided in said groove,
and the other end of which comprises a finger capable
of penetrating into a first notch formed by said latch, so
as to maintain this latch in the unblocking position, and

elastic means, returning said connecting rod towards said
latch,
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said latch further comprises a second notch capable of
receiving said finger, so as to maintain said latch in the
blocking position.

Further areas of applicability will become apparent from
the description provided herein. It should be understood that
the description and specific examples are intended for pur-
poses of illustration only and are not intended to limit the
scope of the present disclosure.

DRAWINGS

In order that the disclosure may be well understood, there
will now be described various forms thereof, given by way
of example, reference being made to the accompanying
drawings, in which:

FIG. 1 illustrates, in a perspective view, a nacelle for an
aircraft engine, equipped with a thrust reverser with a one
piece sliding cowl;

FIGS. 2 to 10 illustrate the operation of a tertiary lock of
the prior art, located in the area Z of FIG. 1; and

FIGS. 11 to 13 illustrate the different steps of the opera-
tion of a locking system according to the present disclosure.

The drawings described herein are for illustration pur-
poses only and are not intended to limit the scope of the
present disclosure in any way.

DETAILED DESCRIPTION

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, applica-
tion, or uses. It should be understood that throughout the
drawings, corresponding reference numerals indicate like or
corresponding parts and features.

Reference is now made to FIG. 1, in which a nacelle 1 for
an aircraft turbojet engine is illustrated schematically.

This nacelle in its upstream portion includes a cowling 3
defining the air intake of the nacelle on the one hand and
surrounding the fan of the turbojet engine on the other hand.

Downstream from this cowling 3 is found a thrust reverser
structure with grids 5, notably comprising thrust reversal
grids 7, a sliding cowl 9 and the jet engine pylon 11.

The cowl 9 is slidably mounted on the jet engine pylon 11
between the position visible in FIG. 1, a so-called “reverse
jet” position, and an upstream position, a so called “direct
jet” position.

The “reverse jet” position gives the possibility of sending
back towards the upstream area of the nacelle, through the
grid 7, a portion of the cold air flow circulating inside the
nacelle, and thereby contributing to braking the aircraft upon
landing.

In the “direct jet” position, the grids 7 are covered by the
cowl 9, so that the whole of the cold air circulating inside the
nacelle is ejected downstream from this nacelle, and corre-
sponds to the cruising and take-off situations of the aircraft.

In the present case, the sliding cowl 9 has a one piece
structure, i.e. it is formed by a single assembly which is
substantially annular, the upper edges 13 of which are
slidably mounted on respective rails 15, positioned on either
side of the jet engine pylon 11.

A tertiary lock positioned in the area Z of FIG. 1 is
provided, allowing the locking of the sliding of the mobile
cowl 9 relative to the jet engine pylon 11, outside the phases
where the thrust reversal function has to be applied.

The operating mode of such a lock will now be briefly
recalled in FIGS. 2 to 10.

On the whole of these figures, the sliding cowl 9 will be
symbolically illustrated in dotted lines.
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With reference to FIG. 2, it may be seen that the tertiary
lock 17 of the prior art comprises a hook 19, pivotally
mounted around an axis 21 secured to the jet engine pylon
11.

A blocking latch 23 is itself pivotally mounted around an
axis 25 on the jet engine pylon 11.

This blocking latch 23 includes a tail 26 which ends with
a roller 27, this tail may itself cooperate with a tail 29 of the
hook 19, so as to prevent rotation of the latter.

This latch 23 further includes a head 31 which may be
pushed by an actuator 33 such as a solenoid.

A spring 35 pushes the head 31 towards the actuator 33,
ie. in order to pivot the latch 23 in the anti-clockwise
direction.

Detection means 37, such as a magnetic or optical detec-
tor, allows detection of the presence of the head 31 of the
latch 23, and thus discrimination of the position of this latch
visible in FIG. 2 relatively to the position of this latch for
example visible in FIGS. 4 and 5.

Finally it should be noted that the hook 19 cooperates with
a bolt 39 secured to the sliding cowl 9.

The operating mode of the tertiary lock which has just
been described is the following.

When the thrust reverser 5 is in the “direct jet” (take-off
and cruising) position, the tertiary lock 17 is in the position
illustrated in FIG. 2.

In this position, the hook 19 blocks translation of the bolt
39 towards the top of the figure, corresponding to a trans-
lation towards the upstream area of the sliding cowl 9.

It should however be noted that if slight play is allowed
in the relative movements of the bolt 39 and of the hook 19,
in order to take into account the tolerances of various parts,
as well as the small normal displacements of these parts
relatively to each other.

When the hook 19 is in the locked position, the bolt 39
may thus move as far as the extreme downstream position
visible in FIG. 3.

It should be noted that in FI1G. 2 like in FIG. 3, the tail 26
of'the latch 23 is engaged on that 29 of the hook 19, thereby
preventing any rotation of this hook.

When it is desired to proceed with the opening of the
sliding cowl 9, i.e. therefore causing it to slide towards the
downstream area of the nacelle, i.e. further towards the top
of the figures appended herein, one starts by acting on the
actuator 33 in order to cause extension of this actuating
finger 41.

This finger 41 acting on the head 31 of the latch 23, has
the effect of pivoting the latter in the clockwise direction,
and thus releasing the tail 29 of the hook 19, as this is visible
in FIG. 4.

It is then possible to act on the actuators which allow
sliding of the cowl 9 downstream from the nacelle, so that
the bolt 39 will abut on the hook 19 as this is visible in FIG.
5 and indicated by the arrow F1.

Under the effect of this abutment, the hook 19 pivots in
the anticlockwise direction, as this is indicated by the arrow
F2.

Because of this pivoting, the bolt 39 escapes from the
hook 19 as this is indicated by the arrow F3.

Once complete sliding of the cowl 9 has been carried out
towards the downstream area, the configuration of FIG. 7 is
attained, wherein the bolt 39 is moved away downstream
from the hook 19.

It should be noted that during the phases 6 and 7, the end
of the tail 26 of the latch 23 prevents pivoting of the hook
19 in the clockwise direction.
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When it is desired to close the sliding cowl 9, so as to
reposition the thrust reverser 5 in its “direct jet” position, the
actuators for actuating this sliding cowl are retracted, which
has the effect of bringing back the bolt 39 into contact with
a rounded portion 43 of the hook 19, as this is indicated by
the arrow F4.

Under the effect of this contact, the hook 19 is driven into
clockwise rotation, as this is indicated by the arrow F5.

The tail 29 of the latch 23 may then escape from that 29
of the hook 19 and this hook may thus return to its initial
position, as this is indicated in FIG. 9.

Under the effect of the spring 35, the latch 23 then pivots
in the clockwise direction F6, as this is indicated in FIG. 10,
and the head 31 of this latch 23 returns to being in front of
the detector 37 facing it by pushing the actuation finger 41
inside the body of the actuator 33, as this is indicated by the
arrow F7.

It is therefore understood that the latch 23 has a function
of locking the rotation of the hook 19 on the one hand and
a function of checking the proper closing of the sliding cowl
9 on the other hand.

Indeed, as long as the head 31 of this latch 23 has not
returned to being in front of the detector 37 facing it
(configuration of FIG. 10), this means that the hook 19 has
itself not returned to its closing position and therefore that
the bolt 39 has not itself returned to its initial position
corresponding to the “direct jet” position of the thrust
reverser 5.

When it is desired to use a single tertiary lock 17 for the
assembly of the sliding cowl 9, i.e. a tertiary lock positioned
on only one of the sides of the jet engine pylon 11, it is
understood that the function for locking the assembly of the
sliding cowl 9 may be ensured, because of the one piece
nature of this sliding cowl.

On the other hand, the function for detecting proper
closings of the two upper edges of this sliding cowl cannot
be fulfilled with a single tertiary lock of the type of the one
which has just been described, corresponding to the prior art.

The present disclosure provides an enhancement to this
tertiary lock, by providing means for detecting proper clos-
ing of the other upper edge of the sliding cowl, i.e. of the
edge of this sliding cowl which does not cooperate with this
tertiary lock.

In order to understand the structure of the present disclo-
sure and how it operates, reference will now be more
particularly made to FIGS. 11 to 13.

In these figures, this sliding cowl 9 is also illustrated in
dotted lines, but the two upper edges 9a and 95 of the sliding
cowls may now be seen, respectively cooperating with the
rails 15 positioned on either side of the 12 o’clock beam 11.

Thus, by assuming that the nacelle 1 is seen from the rear
along the longitudinal direction, i.e. as indicated by the
arrow X (see FIG. 1), the edge 9a of the mobile cowl 9 is the
right upper edge of this mobile cowl, and the edge 96 of this
mobile cowl 9 is the left upper edge of this mobile cowl.

In addition to the whole of the parts which have been
described earlier, it may be seen that the locking system
according to the present disclosure comprises a connecting
rod 45 slidably mounted transversely to the jet engine pylon
11 between a position visible in FIG. 11, in which it is
moved away from a first notch 47 formed in the body of the
latch 23, and the position visible in FIG. 13, in which this
connecting rod penetrates the inside of this first notch 47, the
latch 23 being in the unblocking position.

At its other end, the connecting rod 45 includes a rotary
roller 49, guided by a groove 51 formed in the upper edge
9a of the sliding cowl 9, this groove extending away from
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the jet engine pylon 11 towards the downstream area of the
thrust reverser, i.e. towards the top of the drawing sheet, as
this is visible in FIGS. 11 to 13.

On the other hand, in its upstream portion, this groove 51
includes a widened portion forming a funnel 53.

Elastic means 55, comprising one or several springs,
elastically urge the connecting rod 45 towards the inside of
the first notch 47.

The operating mode of this mechanism will now be
described.

When the sliding cowl 9 returns to its closing position, as
this indicated by the arrow F4, the hook 19 is brought back
into its locking position, as this is indicated by the arrow F5.

If the edge 9a of the sliding cowl 9 actually closes at the
same time as the edge 95 of this sliding cowl, the roller 49
is led upstream from the groove 51, which has the effect of
moving the end of the connecting rod 45 away from the first
notch 47 of the latch 23, against elastic means 55, as this is
illustrated in FIG. 11.

Because of this separation, the latch 23 may freely pivot
according to the arrow F6, and thus return to its bottom
position, as this is indicated in FIG. 12, giving the possibility
of achieving perfect immobilization of the sliding cowl 9 in
the “direct jet” position.

The return of the latch 23 into its blocking position under
the effect of the spring 35 is detected by the detector 37,
thereby sending a piece of information on the proper closing
of both edges 9a and 95 of the sliding cowl 9, to the central
control unit.

If, on the other hand only the edge 95 is properly closed,
but not the edge 9a, for example because of the failure of one
of the actuators for actuating the sliding cowl 9, this upper
edge 9a remains slightly retracted by a certain length A
downstream from the upper edge 95, as this is illustrated in
FIG. 13.

Because of the tilt of the groove 51 relative to the axis of
the nacelle, this groove exerts a force pushing the connecting
rod 45 towards the first notch 47, against elastic means 55,
as this is indicated by the arrow F8 of FIG. 13.

The connecting rod 45, thereby introduced into this first
notch 47, has the effect of blocking the rotation of the latch
23, in spite of the return of the hook 19 to its locked position:
the detector 37 may thus note that the head 31 of the latch
23 has not returned to its initial position, and send a piece of
information on the lack of closure of the right upper edge 9a
of the sliding cowl 9, to the computers usually processing
this information.

It is therefore understood that the mechanism which has
just been described gives the possibility, with a single
tertiary lock and a single detector, of detecting a lack of
closure of any of the two upper edges 9a, 95 of the sliding
cowl 9.

Of course, the present disclosure is by no means limited
to the described and illustrated forms.

Thus, it is also possible to also provide a second notch 57
formed in the latch 23, positioned so that the connecting rod
45 may prevent the rotation of the latch 23 from its blocked
position illustrated in FIG. 12.

Such a second notch 57 in the case of failure of one of the
actuators acting on the right half of the sliding cowl 9, gives
the possibility of blocking any possible actuation of the
assembly of this sliding cowl.
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Indeed, the failure of one or several actuators for actuating
the right half of the sliding cowl 9 has the effect of causing
a displacement similar to the displacement A of FIG. 13 of
this right half of the sliding cowl, which causes penetration
of the connecting rod 45 into the inside of the second notch
57, and therefore blocking of the hook 19 in its locked
position.

In this way, mechanical banning of any actuation of the
sliding cowl 9 may be achieved when at least some of these
actuators are faulty, in order to facilitate their detection.

What is claimed is:

1. A thrust reverser with grids comprising a jet engine
pylon, a one piece cowl either directly or indirectly slideably
mounted on the jet engine pylon between a direct jet position
and a reverse jet position, and a system for locking the cowl
on a beam, the cowl having two distinct upper edges, the
system comprising:

a single lock, positioned on one side of said jet engine
pylon, on one upper edge of said two distinct upper
edges of said cowl, said lock comprising locking means
for locking the cowl, blocking means for blocking said
locking means, wherein said blocking means comprises
a latch pivotally mounted on said jet engine pylon
between a blocking position in which said blocking
means maintain a hook in a locking position, and an
unblocking position, in which said blocking means
allows said hook to pass from said locking position to
an unlocking position, and position detection means for
detecting the position of said locking means; and

means for detecting proper closing of another upper edge
of said two distinct upper edges cowl, wherein said
means for detecting proper closing of said another
upper edge of said cowl comprises:

a groove formed in an area of said another upper edge,
said groove extending away from said jet engine
pylon towards a downstream area of said cowl and
having a widened area in an upstream portion of said
cowl;

a connecting rod slideably mounted transversely on
said beam or said jet engine pylon, one first end of
which is guided in said groove and another end
comprising a finger capable of penetrating into a first
notch formed in said latch so as to maintain said latch
in the unblocking position; and

elastic means urging back said connecting rod towards
said latch.

2. The thrust reverser according to claim 1, wherein said
lock comprises said hook pivotally mounted on said jet
engine pylon, between a position for locking a bolt secured
to said cowl, and a position for unlocking the bolt.

3. The thrust reverser according to claim 1, wherein said
locking system comprises an actuator for having said latch
pass from said blocking position to said unblocking position,
and a spring for returning said latch to said blocking
position.

4. The thrust reverser according to claim 1, wherein said
position detection means comprise a detector for the position
of said latch.

5. The thrust reverser according to claim 1, wherein said
latch further comprises a second notch capable of receiving
said finger, so as to maintain said latch in said blocking
position.



